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The educational prominence o f  the science o f chem­
is try  is  a ltogether a modern growth. (1 ) A century ago i t  
was not deemed worthy o f a place in the courses o f any o f the 
schools, except perhaps a very humble one in connection with 
the study o f materia medica, physics, mineralogy or anatomy; 
but, to-day, chemistry ranks equally with Greek to which stu­
dents fo r  centuries have devoted th e ir time.
In Europe at the beginning o f th is century France 
was fa r ahead o f other countries in the advance i t  had made 
in chemistry. (2 ) Lavois ier, within the h a lf century preced­
ing, wrought a great revolution in overthrowing the phlogis­
ton theory and had placed the science on a firmer basis. The 
work done in the private laboratories o f B erthollet and his 
b r i l l ia n t  pupil, Gay Lussac, was attractin g  great a tten tion .(3 )
(1 ) B. o f  E . , Cir. o f  I n f ., No. 6, 1880, p. 12. (2 ) Meyer's
Gesellielite der Chemie, p. 440. (3 ) Nature, 49-531, Apr. 5,
1894. Prof. Ira  Remsen, Ded. o f Kent Chem. Lab.
I t  was to that o f  the la t te r  that L ieb ig gained admission in 
1821, when he found i t  impossible to gain any practica l in­
struction in Germany, fo r  in a l l  i t s  schools there was not a 
single special chair o f chemistry. Many Germans were being
attracted to Sweden where Berzelius was beginning h is great
«
career. In 1824 L ieb ig  was appointed to the professorship o f 
chemistry at the University o f Giessen. He accepted the posi­
tion  and, convinced that the only proper method o f teaching 
chemistry was with a laboratory fo r  the students, he succeed­
ed in having one b u ilt . So the f i r s t  laboratory fo r  instruc­
tion  was established and became one o f the great forces o f 
the world. From i t  rapidly developed the most flourish ing 
and powerful school o f  chemistry that has ever ex is ted .(1 )
" I t  was here," says Hoffman, "that experimental instruction 
such as now preva ils  in our laboratories received it s  e a r lie s t  
form and fashion and i f  at the present moment we are proud 
o f the magnificent temples raised to chemical,science, le t  i t  
not be forgotten that they a l l  owe th e ir orig in  to the proto­
type set up by L ieb ig .”
Laboratories rapidly m ultip lied and were supplied 
with trained and enthusiastic teachers from L ieb ig ’ s pupils.
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(1 )  (1 )  Nature, 49-551.
This was not confined to Germany. When the f i r s t  "College 
o f Chemistry" in England was founded in 1846, Hoffman was ap­
pointed head-professor (1 ) and even those who had m isgivings 
on account o f  h is n a tion a lity  were obliged to acknowledge 
very soon that i t  was very fortunate that th is great German 
chemist had accepted the position  fo r  he brought laboratory 
work into English schools,(2 ) aroused enthusiastic in terest 
in the students and gained great renown fo r  the college and 
a l l  England. From the im ivers it ies  and technical schools, 
the study o f chemistry, f i r s t ,  without laboratory practice 
and la te r  with i t ,  has spread u n til i t  is  now included in the 
curriculum o f nearly a l l  the higher institu tions o f  learning.
In America, chemistry was recognized in the colon­
ia l  medical schools, at f i r s t  in connection with materia med- 
ica, as in the Medical School o f Pennsylvania 1768, Medical 
School o f  Harvard College 1782, Dartmouth School 1798.(3)
The f i r s t  academic college (4 ) to in stitu te  a sep­
arate chair fo r  chemistry was Princeton in 1795, and Maclean 
was appointed to f i l l  i t .  The example -was quickly followed 
by Columbia College in 1800 and Yale in 1801. Mr. Benjamin
(1 ) Report o f  R. Com. on Sci. Instruction , Vol. i .
(2 ) Nature, 38-470. (3 ) Boone's His. o f  Ed. in U. S.
(4 ) B. o f  E. , C ir. o f In f. No. 6, 1880, p. 12.
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Silliman was the f i r s t  to hold, the chair at Yale and shortly 
a fte r  h is appointment saw the f i r s t  experiment he had ever 
seen performed while v is it in g  Maclean and his laboratory.
The courses o ffered  in these institu tions (1 ) were 
lecture courses. Text-hooks were very few, and in speaking 
o f Yale, Silliman says "there ’was hardly a re to rt among the 
a p p a ra tu s ( 2 )
Among the early  instructors and graduates o f the 
University o f  Pennsylvania, (3 ) there were many chemists o f 
standing, which seems to indicate that it s  course must have 
been somewhat better than those then offei'ed  at other in s t i­
tutions. ,J. Woodhouse, who was the author o f  a number o f 
chemical works o f great value, occupied the chair o f  chemis­
try  (1795-1807), at that in stitu tion  which P r ie s t ly  had re ­
fused. From 1814 to 1828 i t  was f i l l e d  by R. K. Patterson, 
a pupil o f Davy, England's greatest chemist. In 1829,
James Curtis Booth graduated, soon afterward going to Europe
it
where he studied under Wohler (a pupil o f Berzelius) in his 
private laboi-atory at Cassel and la te r  under Magnus (another 
pupil o f Berzelius) in Berlin and Vienna. Returning to Amer-
(1 ) Boone's His. o f  Ed. in U. S.
(2 ) B. o f  E. , Cir. o f  I n f . No. 2, 1893.
(3 ) E. o f  E. , Cir. o f  In f. No. 2, 1892.
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ica he established, in Philadelphia in 1836 the f i r s t  labor­
atory fo r  instruction in the United States. This was twleve 
years a fte r  L ieb ig had started the f i r s t  one in Germany and 
ten years before England's f i r s t  College o f  Chemistry was 
started.
In 1838, Dr. Charles T. Jackson o f Boston opened 
h is private laboratory fo r  instruction to students and soon 
others did likew ise. (1 ) Up to th is time there had been no 
provision made for advanced teaching in .America. In 1842, 
Silliman at Yale f i t t e d  up a laboratory at his own expense (2 ) 
and with $300 from a friend opened a private school and th is 
was the germ o f the S h effie ld  S c ien t ific  School which re­
ceived it s  f i r s t  endowment seventeen years la te r . In the 
same year, 1842, the Lawrence S c ien t ific  School at Cambridge 
began as a specia l school o f chemistry.
"About th is time a new period in American science 
began. Laboratory instruction in chemistry at l^ast acquired 
a foothold in our system o f education and our oldest univer­
s it ie s  gave i t  a fr ien d ly  though sceptica l welcome. (3 ) Year 
by year i t  grew in favor. I t  found it s  way beyond the scien-
(1 ) B. o f E . , C ir. o f  In f.  No 6, 1880, p. 18.
(2 ) B. o f  E . , Cir. o f  In f. No. 2, 1893.
(3 ) F. W. Clarke, No. 6, 1380, p. 13.- B. o f E . , C ir. o f  In f.
f
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t i f i c  schools into the very colleges themselves, and. the good 
resu lts are v is ib le  to-day before the world ."
The greatest impulse to s c ie n t if ic  instruction (1 ) 
in America was given by the Congressional Act o f 1862 provid­
ing agricu ltu ra l and mechanical instruction. (2 ) Whether the 
land grant went to strengthen ex isting  institu tions as, in 
Connecticut, to Sh effie ld  S c ien t ific  School, or to found new 
ones as in I l l in o is  (5 ) by which our State University began, 
i t  has been the modern s c ie n t if ic  departments which have 
reaped the greatest benefits . In the new institu tions chemis­
try  and laboratory work were included from the f i r s t ,  and un­
t i l  very recently  our University o f  I l l in o is  was able to 
boast o f  the largest and best appointed chemical laboratory 
in the west.
The High Schools o f  the United States are a growth 
o f  h a lf a century. They have taken the place in a great de­
gree o f  academies and other private secondary schools. "The 
youth o f  the state w i l l  henceforth receive th e ir  preparatory 
instruction for entering college in the Public High Schools 
instead o f at the academy or seminary." (4 ) These words w rit-
(1 ) Boone's His. o f Ed. in U. S. (2 ) B. o f  E ., C ir. o f In f. 
NO. 6, 1880, p. 14. (3 ) B. o f E . , Cir. o f In f. No. 6, 1886,
p. 14. (4 ) I l l in o is  Sch. report, 1857-8.
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ten nearly fo r ty  years ago have been fu l f i l l e d .  But the 
High Schools do more than th is. They give secondary instruc­
tion  to the masses. The elements o f  mathematics, lite ra tu re  
and the languages are not the only branches taught, but in the 
la s t tw enty-five years the elements o f  many o f  the sciences 
have found th e ir  way into High School courses.
This is espec ia lly  true concerning physics, physi­
ology, chemistry and botany. As in the co lleges, these scien­
ces f i r s t  gained a foothold in High Schools without labora­
tory instruction, and slowly the change was wrought. F ifteen  
years ago, Mr. F. w. Clarice said "These (secondary schools) 
are organizing laboratories, teaching young scholars to see 
and experiment fo r  themselves, preparing the way fo r  higher 
work and rendering the la t te r  more eas ily  poss ib le ." (1 )
To-day there are very few High Schools in I l l in o is  that pre­
tend to teach chemistry without laboratory practice.
That chemistry or rather the elements o f chemistry 
are w e ll adapted to a -place in secondary education need hard­
ly  be emphasized at th is day. F ifteen  years ago i t  was gen- 
f'^a lly  admitted that i-u was a desirable branch to teach in 
schools o f th is grade. In 1892 the Committee o f  Ten decided 
that at least two hundred hours should be given to the study
(1 ) B. o f  E . , Cir. o f In f.  No. 6, 1880, p. 15.
=o f  chemistry in High Schools and that i t  should he taught hy 
a combination o f laboratory work, text-book, and thorough d i­
dactic instruction and there should be no d ifference in trea t­
ment fo r  those going to college or s c ie n t if ic  school and 
those going to neither, that is , those whose education is
completed upon graduation from high school. (1 )
The High Schools in I l l i n o i s .
In I l l in o is  there are somewhere near two hundred
and seventy-four high schools, and i t  is  the purpose o f  th is 
paper to show the work in chemistry that has been done and is  
being done in them.
To gain the information on th is subject, a circu lar 
le t t e r  was sent A p ril 15, 1896, to every high school -which 
had reported fo r  the year 1894:-5 to the State Superintendent 
o f  Public Instruction , requesting answers to a l i s t  o f ques­
tions. About f i f t y  rep lies  were received. A second le t te r  
was sent May 1, 1896, containing the same l i s t  o f  questions, 
and th is  brought about tho same number o f  answers so that the 
en tire  number o f answers received was one hundred and fourteen.
Of the remaining one hundred and sixty-one some in­
formation concerning twenty-six was obtained by consulting 
the reports fo r  1895-6 sent to the committee on "Accredited 
Schools" o f University o f I l l in o is ,  and o f sixty-two others
(1 ) B. o f E. , Report o f Com. on Sec. Sch. Studies, Jul^t, 1892,
p.. 217-118.
by consulting the reports fo r  the years 1892-3-4-5. This 
leaves seventy-three high schools about which nothing could, 
be learned.
The f i r s t  high schools in th is  state *were estab­
lished shortly before the war; in 1854 one was established at 
Rockford, in 1857, Bloomington, in 1858 others at Chicago 
and Geneseo. A high school -was already in existence in 
Peoria in 1858 and in Springfie ld  in 1862.
So fa r  as records show chemistry,.was f i r s t  taught 
in high schools o f  I l l in o is  in Peoria 1859, in Quincy 1865, 
in Alton and in West Aurora 1867. Laboratory work was not 
introduced before 1870, the honor o f  the innovation appear­
ing to rest w ith the Quincy High School. In 1877 i t  'was in­
troduced into the Sycamore High School, and in 1880 into 
those o f  Princeton and P it t s f ie ld  and in 1881 into that o f 
Be catur.
Chemistry is  now studied in 117 high schools o f  
I l l in o is ,  the average time devoted to the subject being 118 
hours. Laboratory work is  practised in 75 o f these schools, 
the average time being 85 hours. 37 schools require indepen­
dent work o f the pupil in the laboratory; in the others sev­
era l pupils are permitted to work together. 25 include 
qu a lita tive  analysis, the time devoted to i t  varying from 10
-9-
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to 40 hours. The number o f  pupils reported by the high 
schools to be studying chemistry th is  year (1895-6) is  1612. 
The to ta l number must be, therefore, near 2000. This makes 
about a quarter o f  a m illion  hours per year devoted to the 
study o f chemistry in the public high schools o f I l l in o is .
A l l  the data that was obtainable has been co llected  
and tabulated on the fo llow ing pages.
The data in black was obtained from the answers to 
the circu lar le t te rs ;  that in red from the Reports o f 
High Schools fo r  1895-6; and that in blue from the reports 
fo r  1892-5-4-5.
.
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Of about twenty schools reporting on texts previous­
ly  used more than f i ft e e n  load used S tee le 's  "Fourteen Weeks 
in Chemistry." In fa c t, f i f t e e n  years ago the fa vo r ite  tex t­
books in use were S tee le 's  Fourteen Weeks in Chemistry, 
Youtnan' s Classbook o f Chemistry, E lio t and S torer 's  Manual 
o f  Inorganic Chemistry and Stockhardt's Experimental Chemis- 
try . From a study o f these texts a fa ir  idea may be gained 
as to the character o f  the work that was then done. ( C ir, 
o f  I n f . , ho. 6, 1880.)
These books are trea tises  with i l lu s tra t iv e  ex­
periments on the properties o f substances with more or less 
mention o f chemical p rin c ip les , laws and terms. In "E lio t 
and S torer 's  Manual" fewer princip les than usual are men­
tioned, but the number o f experiments is  larger than usual 
or than seem desirable. Two hundred and twenty-eight experi­
ments required a good deal more time than is  usually devoted 
to the study o f  chemistry in any o f  our high schools to-day, 
and from the table i t  w i l l  be seen that the time is  greater
than i t  has been ever before. The treatment is  common ---- a
few de fin ition s , then a ir  and its  constituents and then water
and the preparation o f 0 and H ---- then the other elements
and compounds, th e ir properties and reactions being treated 
quite fu l ly ,  espec ia lly  those o f  the carbon compounds.
The subject matter in Stockhardt's Experimental 
Chemistry is  in four general d iv is ions: Physical phenomena, 
Chemical laws, Study o f properties o f  the elements, and Or­
ganic Chemistry. Each part except the second is  amply i l lu s ­
trated by experiments. The chapters which deal with Physics 
and it s  laws are the best in the book, fo r  no where e lse is  
there that close connection and re la tion  between text and 
experiments which renders them mutually dependent. The text 
is  very clear and lo g ic a l.
The Chemical laws are next taken up with but four 
experiments. In fo r ty  pages there is  presented to the stu­
dent a l l  the theories and laws o f chemistry and it s  nomencla­
ture .
Then each element is  taken up separately and its  
properties and compounds studied by experiments and thus the 
observing fa cu lties  seem to be ca lled  more into play than 
those o f reason, fo r  the conclusions have been stated before.
The la s t d iv is ion  in the book deals with the prin­
cipal groups o f carbon compounds, th e ir  properties and general 
reactions.
For an ordinary beginner there are too many exper­
iments, too much theory at f i r s t  and not any la te r  where one 
woxild be better prepared fo r  i t .  The student finds he knows
a large number of* facts about a large number o f elements and
compounds, th e ir properties and behavior but he does not 
seem to be ca lled  upon to apply th is knowledge to induce any 
prin cip les . This statement may be said to hold fo r  a l l  o f 
the elementaty chemistries o f a few years ago and some o f 
to-day.
At present the text-boolcs most used are Shepard's, 
W illiam s ', and Remsen's.
In I l l in o is 35 High Schools use Shepard's
35 1! " " Williams'
19 tf " " Remsen' s .
P l a n o f  b o o k  s.
Shepard's
1 .H istorica l sketch.
2 D efin itions -and rules
Atoms, atomic weights and 
formulae.
3 Non-metallic elements
Preparation and properties
Compounds
Tests
4 Molecular theory and
Natural c la ss ifica tio n .
5 M eta llic  elements
Occurrence
Properties o f  compounds
6 Method o f separation. i.
W illiams'
1.Defin itions
nomenclature
2 Manipulations
3 Properties o f  elements and
compounds 
with theory
interspersed throughout 
in fo llow ing order----
a. Union by weight
b. Valence
c. Acids - bases - sa lts
d. Laws o f D efin ite and Mul­
t ip le  Proportion
e. vapor Density and molecu­
la r  weight
f .  Atomic weights, (o f  gases
g. D iffusion and condensation
h. New theory o f chemistry
i .  Gas volume and weights
Remsen1s
1 Physical and chemical changes.
mixtures and compounds
compounds and elements 
nomenclature 
chemical action
2 A ir causes changes.
(In d es tru c tib ility  o f matter)
3 Chemical energy.
4 Combining weights.
Laws o f D efin ite  and Multiple Proportion 
Symbols, Reactions.
5 Law o f D efin ite  volume.
6 Metals, acids, bases, sa lts .
7 Chemical work and conservation o f energy.
8 Atomic Theory *
9 Chemical analysis explained.
\
10 Families o f  elements
leading to comprehension o f Periodic law.
P l a n  o f b o o k s , (con.)
Ill the preface o f his book Mr. Shepard states that 
he has found that the same general plan is  being pursued by 
the best teachers in a l l  sections o f the country. I t  is  very 
simple, but i t  is  a question whether i t  is  best fo r  elemen­
tary work.
A h is to r ica l sketch introduces the student to the 
study o f the past o f chemistry. Although so la rge ly  composed 
o f names, i t  nevertheless awakens h is in terest and he then 
begins on the next chapter o f  "d e fin ition s  and ru les" with 
more v igor and attention . Immediately a fte r  he starts to make 
the acquaintance o f the elements, th e ir  compounds and the 
methods o f th e ir separation and determination. Exercises at 
the end o f every subject make him fam ilia r with the processes 
o f  calculation and chemical arithm etic.
The experiments are numerous but are almost en tire ­
ly  qu a lita tive  and moreover are such that the reasoning fac­
u lt ie s  in interpreting resu lts are not ca lled  upon often e- 
nough. The resu lts o f the experiments are always to ld ; 
hence, the performing o f them simply serves as proofs o f  the 
truth o f  the tex t. A pupil is  apt to become careless and in­
a tten tive  when the resu lts o f  a l l  h is experiments have been 
stated beforehand.
For elementary work unnecessary time is  spent on
uncommon oxides and acids, as Clo0, Cl 0„, Cl 0 , HC10,
2 2 o 2 4
HCIO  ^ , etc . Reactions are not always simple enough fo r  be­
ginners, as
AgN0„+2Cl = NO Cl +AgCl?0.o 2
The "queries" are not o f the kind to increase the 
pupils' reasoning powers, fo r  example
Page 40- Page 41-
Hydrogen and oxygen Q uestion----What is  the chem-
form a chemical compound ica l composition o f water and
water, H20 ---  its  formula?
The questions at the end o f  the chapter require a greater out­
lay  o f  time than is  desirable. The time given to chemistry 
is  so short under any consideration, that i t  ought to be 
spent only on the more important princip les and there is  much 
that is  more important and more necessary than the matter 
treated in the "questions."
In speaking o f the decomposition o f ammonia gas by 
e le c tr ic  current, and the two volumes o f gas formed, the 
statement is  made that besides the other s ign ifica tion s  "that 
the formula o f a gas always represents two volumes o f that 
gas." This is a most unusual statement.
Williams, in his preface, lays special emphasis 
upon the d e s ira b ility  d f having the pupils become early  ac-
qua in ted. with formulae and equations, the 'multum in parvo' 
o f  chemical knowledge, as he says. C lassifica tion  o f sa lts , 
bases and acids is  insisted  upon. "The mathematical and theo­
r e t ic a l parts are interspersed where needed, thus avoiding 
the tedium o f many chapters o f theory." The author attaches 
value to experimental work, hut advises teacher to perform 
most experiments before the class, before the pupils are re­
quired to perform them or to rec ite .
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I t  would seem that the keen in terest o f pupils 
would not be kept a liv e  by simple repetition  o f experiments. 
When a pupil knows what ought to happen, he e ith er is  sa tis ­
f ie d  and does not repeat i t  or does i t  carelessly.
The experiments are not numerous, more attention 
being paid to statement o f uses o f  the various compounds and 
to the discussion o f laws, theories and technical subjects, 
a l l ,  o f  necessity, being treated in a somewhat su perfic ia l 
manner.
The experiments are not unusual, (mostly test-tube 
experiments), nor do they seem to be chosen fo r  any particu­
la r  value they have except in illu s tra tin g  the properties o f 
elements and compounds.
At the end o f every subject, a l l  the most important 
matter in i t  has been co llected  in a few clear, concise sen­
tences under the heading o f "Resume." Everything, the d is­
covery o f  which by the pupil would tend to keep a liv e  h is in­
te res t, is  simply given him in a concise manner ea s ily  re ­
tained by the memory, while his reasoning powers are developed
by such questions ---- "When NO changes in a ir  to N0? , where
doe s the 0 come from?"
Such d irections as "examine bromine, iodine, potas­
sium, sodium bromide" etc. are too vague. An average student 
would be at a loss just what to do.
The expression, "s ize o f h a lf atoms o f H," e tc . is  
used in explanation o f atomic weight. According to the fun­
damental conception, an atom is  an in d iv is ib le  p a rtic le .
How can an in d iv is ib le  thing be halved? Since, according to 
our theory, "half-atoms" cannot ex is t, i t  is  irra tion a l to 
use th is  idea in explaining the rela tions o f atomic weights 
and methods o f th e ir  determination. The tex t also incorrectly  
states that "3 atoms o f o are condensed into space o f two 
atoms o f ozone.! (p. 84) Ozone is  an a llo tro p ic  form o f oxy­
gen, containing three atoms o f oxygen in the molecule.
Atoms o f ozone do not ex is t.
Symbols and formulae are given undue prominence.
They are to ta lly  unnecessary fo r  a c lear, in te llig en t know­
ledge o f  elementary science. Remsen said several years ago
that ho "sometimes thinks, and the in terva ls "between the 
thoughts are getting shorter, that i f  the use o f  formulae
were given up en tire ly  in elementary instruction, better re-
u
suits would be obtained. A young pupil, in trying to remem­
ber ^he formula or reactions, overlooks fa r  more important 
statements, perhaps the very conditions only under which the 
reaction may take place.
The explanation o f Vapor Density is  neither natural 
nor eas ily  comprehended. The experiments do not bring out 
important laws but simply introduce the pupil to some o f the 
properties o f some o f the elements and compounds. The text 
is  lik e  that o f  an ordinary book, more lik e  an elementary 
chemical cyclopedia, notwithstanding the author's intention 
to make i t  an "inductive, simple, p ractica l experimental 
text-book fo r  the average high school."
In the preface to "The Elements o f  Chemistry"
Mr. Remsen says the book is  intended fo r  younger pup ils , 
therefore, "theories are subordinate, allowing attention to 
be d irected to simpler chemical facts  and methods by which 
these are learned." A course must "help pupils to think and 
reason as w e ll as observe and see or i t  is  not ra tion a l."
This book is  remarkable in the f i r s t  hundred and f i f t y  pages 
fo r  i t s  s im p lic ity  and clearness. The order o f the subject
matter so fa r exceeds that o f most hooks that they ought 
hardly to he compared to i t .  A very young pupil would hardly 
find Remsen* s text d i f f ic u l t  or uninteresting. In the la t te r  
part the matter seems somewhat fragmentary, making the study 
o f  that part p rin c ipa lly  memory work. The experiments do 
not seem to he quite so w e ll adapted or so valuable. I t  is  
said that th is la t te r  part was added at the request o f  teach­
ers -who wanted some o f the principal elements and corn-pounds 
treated as is  customary. The extraction o f KgCOgfrom ashes 
is  rather bunglesome as is  the manufacture o f  soap from lard. 
Qualitative analysis is  explained hut the tests  and determin­
ation o f substances is  r igh tly  omitted. "The periodic law ," 
although not stated, is  placed in the pu p il's  hands in such 
a way that he is  acquainted with i t ,  though he does not 
know i t  by name. {•naturov Gi-8*?ffr)
A ltogether i t  seems that th is hook is  better by fa r 
than many commonly used in high schools. When the hook f i r s t  
came out, a press notice pointed out that there had been an 
attempt to cover too large a f ie ld  and that the teclinical 
processes were not simple enough, otherwise the order and 
arrangement was exce llen t, tending to widen general know­
ledge and to cu ltivate thinking. (Nature, 37-317)
In speaking o f the present method o f teaching eleraen-
tary chemistry in general Mr. Patterson Muir says "However 
enthusiastica lly  a pupil begins, he finds he is  not progres­
sing. When he has been to ld  and shown the properties o f H,
0 and H^O, he is  expected to take as much in terest as ever 
in hearing a l i s t  o f  the properties o f N and nitrogen oxides. 
Then he f i l l s  h is books with as many facts  regarding ammonia 
and n it r ic  acid and so on. Chemistry is  a branch o f science 
and may be taught as such. I t  is  possible to have a course 
so arranged that princip les are discussed and amply i l lu s ­
trated  by w e ll chosen experiments instead o f being a r e p it i-  
tion  o f  disconnected facts o f  a string o f elements and 
compounds."
Two books have la te ly  been published which seem 
based upon th is idea. In both, discussions o f princip les 
w ith w e ll chosen experiments illu s tra tin g  these form main 
part o f  the books. These are "An Elementary Chemistry" by 
White and F reer 's  "Elements o f Chemistry" and no doubt w i l l  
come into more general use so soon as the idea that qu a lita tive  
analysis may be omitted in elementary work comes into more
favor.
P l a n s .
White.
1 .General experiments to acquaint pupil with chemical 
properties o f elements.
2 Two kinds o f changes.
3 Law o f Boyle.
4 Weight and sp ec ific  g rav ity  o f  a ir
Law o f Dalton.
5 Conservation o f mass.
6 Law o f d e fin ite  proportion hy weight.
7 Law o f m ultiple proportion.
8 Dalton's atomic hypothesis.
9 Combining weights.
10 Molecules
11 Relative weight o f atoms.
12 Law o f d e fin ite  proportion by volume.
13 Molecular theory o f  gases.
14 True atomic weights and methods
Spefic heats. Isomorphism.
15 Periodic law.
16 Nomenclature and symbols.
=t
P l a n  s ( con. )
Froor«
1 Physical and chemical changes.
2 Law o f  conservation o f mass.
3 Elements, compounds, nomenclature.
4 Solutions.
5 Law o f d e fin ite  proportion by weight and volume.
6 Changes o f energy. Chemical energy.
7 Acids, bases, neutralization .
8 Law o f multiple proportions, valence.
9 Boyle's law.
10 Charles' law.
11 Equivalent weights.
12 Atomic theory, molecules.
13 Relative weight o f atoms.
14 Molecular theory o f gases.
15 Determination o f atomic weights.
16 Formulae and equations.
17 Determination o f chemical formula fo r  CH .
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18 Valence.
19 Metathesis and causes o f double decompositions. Solution.
20 Families o f elements.
White takes a pupil into the laboratory f i r s t  o f 
a l l  and a fte r  a l i t t l e  preliminary work with metric system o f 
measurement, gives e x p lic it  and easy d irections fo r  making a 
wash b o tt le . Then he conducts a number o f quantitative ex­
periments showing the e f fe c t  o f a ir  on heated metals, prep­
aration o f some o f the more common gases, acids and sa lts .
I t  is  purely inductive. The pupil names everything and rea­
sons a l l  out alone, a few suggestive questions being a l l  
there is  to aid him. A fter  becoming to lerab ly  w e ll acquainted 
with chemical methods and fac ts , the study o f the science is  
begun in h is to r ica l order. This part o f the book is  most 
exce llen t. The experiments are numerous and explain the text 
and lead up without a break to the conclusions to be drawn. 
Symbols are not used at a l l ,  th e ir use,with the Latin and 
English names o f elements is  explained in las t chapter. 
Q ualitative and quantitative analysis are illu s tra ted  by one 
or two simple experiments. The use and importance o f these 
branches is  thus properly shown.
Then, in favor o f th is book, le t  i t  be said that 
the general princip les and laws o f the science are naturally 
developed, that the questions are -put in the righ t places, 
that the in terest o f  the pupil is  insured, that the pupil is  
ea rly  taught to handle apparatus, and to set i t  tap accurate­
ly ,  and that he is  not bothered with formulae, symbols and 
reactions before he understands th eir value.
There are so many "CAUTIONS" that a pupil may become 
so fam iliar with them as to disregard them and grow careless. 
The course embraced by the book is  too extended and elabor­
ate fo r  an average high school.
The greatest amount o f  time given to chemistry in 
any high school in I l l in o is  is  200 hours, which is  the time 
the experiments alone in th is book requ ire , while in the 
great m ajority o f high schools the time is  a great deal less.
Freer starts out in a natural manner, in teresting 
and tru ly  encouraging, to discuss b r ie f ly  changes in matter, 
conservation o f mass and nomenclature. Then, by considera­
tion  o f a very few o f the most common elements and th e ir sim­
p lest and most important compounds, the princip les and laws 
are induced.
The author believes that physical chemistry should 
not be neglected in elementary courses but h is introduction 
o f b its  o f  i t  seem a l i t t l e  forced and unnatural, as in the 
discussion o f the laws o f solutions in speaking o f  water and 
it s  solvent powers. Changes o f energy and chemical energy 
are treated somewhat elaborately but not very c lea rly  or 
simply.
The eighty-one experiments, mostly o f a quantita­
t iv e  character, are gathered at the end o f the "book, hut are 
supposed to he carried on in connection with the tex t. The 
apparatus needed may he a l i t t l e  too expensive fo r  many high 
schools. Yet the experiments are w e ll chosen and are w ell 
explained hy.the tex t. Formulae and symbols are introduced 
a l i t t l e  ea rly , yet i t  can hardly he said that undue promin­
ence is  given to them.
" The study o f natural science loses its  value as 
a means o f cu ltiva ting the fa c ilit ie s  when the method employed 
fa i ls  to lead to the observation o f and experimenting with 
the objects o f  n a tu re .... Instruction in science becomes un­
p ro fitab le  when i t  is  not based on the pu p il's  own observa-
t
tion  and a c t iv ity .  Another element should receive equal con­
sideration. Just as necessary as an acquaintance with the 
archetypal forms o f nature by d irect inspection, and o f  the 
observational facts  by d irect experiment, is  the un ifying, 
reasoning process, which s its  enthroned above the myriads o f 
facts  and is  as important a condition o f observation as the 
a c t iv ity  o f  the senses and hands. Reason with it s  general­
iz in g  powers is  the compass which alone prevents the student 
from becoming bewildered in the maze o f  d e ta ils ."  (Supt. F. L. 
Soldan o f  St. Louis, in Ed. Rev., A p r il, 1096, 351-2. )
I t  lias been said by a number o f  eminent teachers 
that elementary chemistry, when properly taught, with labora­
to ry  practice should teach a pupil (Ed., 6-G55) to use his 
senses, to become s e lf- r e lia n t ,  to be s c ie n t if ic a lly  exact, 
should tend to (Nature, 49-532) form a s c ie n t if ic  mind, one 
which deals with questions ob jec tive ly  and judges on merits
and not to prejudge, should (Shepard's, ---- To the teacher----)
awaken and cu ltivate the s p ir it  o f investigation , encourage 
student to ask nature questions which in chemistry are an­
swered with unusual conciseness and clearness, lead to con­
centration o f thought and energy and (White, Preface) should 
require careful attention to d e ta ils , accurate observation 
and lead to the high development o f the reasoning powers. A ll  
o f  which w i l l  be as useful to the general student as to the 
one who expects to continue science studies.
Now has the study o f chemistry in our high schools 
done a l l  th is  fo r  the pupil? Is  i t  doing it?  I t  has not 
done a l l  th is. I t  has taught him perhaps, to use h is hands, 
to observe and to use his memory in remembering certain chem­
ic a l facts . I t  seems that the reason i t  has not done more 
is  on account o f  the greater importance -which has been a t­
tached to its  p ractica l u t i l i t y  in every day l i f e  rather than 
to it s  importance as a mental d isc ip lin e .
Th is can he seen from what Mr. Clarice sa id  in  fa vo r
o f elementary chemistry being taught to g ir ls .  A knowledge
o f chemistry is  valuable to women in determination (C ir . o f
In f . ,  No. 6, 1880) in the laundry o f the re la t iv e  merits o f
d iffe ren t soaps, and the peculiar properties o f  hard and
so ft waters, what w i l l  whiten cloth without ro ttin g  the f ib e r ,
how can stains be removed from linen, which colors are fa s t,
\ )
which are f le e t in g , e tc .
With boys an elementary course was a l l  that was de­
sired i f  i t  enabled them to analyze and id en tify  substances, 
and th is  is  somewhat true to-day.
A high school course is  hardly the place fo r  the 
expounding o f such knowledge. Some o f i t  can best be gained 
by experience, some by reference to a receipe book and some 
only by advanced work at some technical school.
Qualitative analysis as practiced in high schools, 
is  mostly by "rule o f thumb," and th is fascinating applica­
tion  (fasc inating because the pupil fe e ls  he is  doing some­
thing) o f  chemical knowledge becomes to the student the 
apparent end o f a l l  chemical science and is  a l l  that is  
worth knowing. I t  is  a good deal the same with chemical 
formulae when too early  introduced and made too prominent.
A pupil fe e ls  'when he can ra tt le  o f f  a few formulae, he
knows chemistry and many are the otherwise in te llig en t per­
sons who t h r i l l  themselves and think that they t h r i l l  a 
chemise's soul by proudly greeting him with "Hg0" or "EgSO^" 
the only remnants o f  th e ir  chemical tra in ing.
Surely* such resu lts are not desirable whether
one continues the study or not and the gain derived from
id.
such a study is  not to be compared to t ta t  gain by a broad- 
er but deeper study o f the facts o f chemical science and in­
quiry into the princip les and laws which are found to govern 
them. The Hatter method prepares one to deal with questions 
outside o f the laboratory and without chemical apparatus and 
i t  surely forms a better foundation fo r  further study in 
that or any d irection .
A course in chemistry fo r  high schools, then, 
should consist o f such a course that the fundamental laws 
and princip les should be given in simple and natural sequence 
illu s tra ted  by experiments o f such a character and worded in 
such a way that the pupils reasoning powers as w e ll as his 
powers o f  observation are cu ltivated  by be ing required to 
work out in part, at lea s t, some o f these laws and p rin c i­
p les and th e ir  re la tion s.
The peculiar d ic ip lin e  o f  chemistry comes through 
the proper use o f the laboratory. (Ed., 6, 635) Too often
laboratory practice is  confined to mere observation o f the 
properties o f substances.
In the report o f the Committee o f Ten, a l i s t  o f 
one hundred experiments in chemistry appropriate fo r  high 
schools was recommended. A hundred experiments is  too large 
a number fo r  an elementary course. In the l i s t  suggested jte- 
too many elements and compounds are studied, too large a 
f ie ld  is  covered, too few princip les are illu s tra ted . There 
are quantitative experiments but they say tru ly  that
they are hard to find . The experiments selected from Cooke's 
Manual are the most valuable. Altogether th eir l i s t  o f ex­
periments is  rather discouraging.
In most text-books the experiments are not arranged 
in a lo g ic a lly  connected series. Too often they are simply 
an unconnected, miscellaneous mass o f d is tin ct and d iffe ren t 
phenomena in which i t  would be d i f f ic u lt  to recognize any 
general re la tion s, and which furnish the pupil with poor 
m aterial fo r  reasoning. The student ought to be required to 
think and reason lo g ic a lly  from that which he has done him­
s e l f .  This seems to be the hardest thing fo r  a pupil to do 
and i t  should be made as easy as possible by having each 
experiment lead on naturally and lo g ic a lly  to the next. By 
a few experiments the pupil finds that there d istinctions
........  II
to be made in changes, that substances which undergo chemi­
cal change are o f two general classes. From the considera­
tion  o f compounds and elements the law o f "Conservation o f 
Mass" naturally fo llow s. Thai suggests^ the law o f the "Con- 
servation o f Energy." By work on combining weights and 
neutra lization  the laws o f d e fin ite  proportions by weight 
and volume are read ily  comprehended. On forming an acquaint­
ance with multiple proportions, the pupil is  ready fo r  some 
explanation which w i l l  account fo r  the truth enunciated by 
these laws and th is he gets from the atomic theory.
To explain behavior o f  gases a fte r  confirming 
Boyle’ s and Charles' laws, the "molecular theory o f gases" is 
evolved. Then the determination o f atomic weights becomes 
a liv e  with in terest to the student and formulae may be intro­
duced when he is  fu lly  able to comprehend th e ir use. A 
study o f the princip le elements o f two or three fam ilies 
ought to be su ffic ien t to help the pupil to appreciate the 
periodic law.
Such a course in laboratory work may be outlined 
as fo llow s :-
P l a n .
1. Physical and. Chemical Changes.
Compounds and Elements.
Mixtures.
2. Conservation o f Mass.
3. " " Energy.
4. Combining Weights and Neutralization.
5. Laws o f D efin ite Proportion by Weight and by Volume.
6. Law o f Multiple proportions.
7. Atomic Theory.
8. Boyle1s Law. Charles1 Law.
9. Molecular Theory o f Gases.
10. Determination o f Atomic Weights.
11. Formulae. Symbols.
12. Families. Periodic Law.
Two Kinds o f Changes.
1. Dissolve about 1 gram o f table sa lt in 10 c .c . o f  water. 
Evaporate water and examine residue as to color, taste , 
s o lu b ility .
2. Place some iron f i l in g s  in a test-tube and pour over a 
l i t t l e  d ilu te sulphuric acid with water and heat gently 
u n til a l l  is  in solution. Evaporate the liqu id  and exam­
ine the residue espec ia lly  comparing i t  with the iron 
f i l in g s ,  as to co lor, form and so lu b ility .
Is  there any d ifference in the changes which have taken 
place? What is  the difference?
3. Hold a platinum wire in the flame o f a Bunsen burner and 
c lose ly  observe a l l  that occurs, both while i t  is  in the 
flame and out o f i t ,  and it s  properties before and a fte r  
heating.
4. Do the same with a piece o f copper wire,
5. With forceps hold a piece o f  magnesium ribbon in the 
flame and observe e ffe c ts .
What are the d iffe ren t e ffe c ts  o f the heating in three, 
four and fiv e?  In which cases so fa r  has there been no 
change o f  substance? In which have there been changes o f 
substance? Call the former physical changes and the
Chemical and Ph ys ica l Change s .
6. Dissolve a few grams o f dry powdered sodium carbonate 
in about four times as many c .c . o f  water and evaporate 
to dryness. Compare residue with the sodium carbonate.
7. Have a few c .c . (15 or 20) o f hydrochloric acid and s t ir  
into about 5 grams o f carbonate o f sodium and when clear 
evaporate to dryness and examine residue as to color, 
appearance, taste , s o lu b ility , action o f  hydrochloric 
acid and’ comparing i t  with carbonate o f sodium.
What are the residues in 6 and in 7? How do you dis­
tinguish them?
Compounds and Elements.
8. Place a very l i t t l e  red oxide o f mercury in a hard 
glass tube closed at one end and 1b a t. When any action
. takes place insert a ligh ted  match in the tube. What is  
the result? To what is  i t  due? Continue heating u n til 
there is  no more change. What is  le ft?  Which should 
you think would weigh more, what you had at f i r s t  or the 
residue? Why? what would you ca ll a substance composed 
o f  more than one kind o f matter?
9. Weigh accurately a crucible and cover and then place in
l a t t e r  chemical changes.
i t  some (1 gram) iron f i l in g s  and weigh again. Heat on 
triangle  over a good burner, l i f t in g  the l id  every l i t t l e  
while and s tir r in g  with a platinum w ire, being very care­
fu l not to lose any. When a l l  action has ceased, allow 
i t  to become p erfec tly  cold and weigh again. What has 
happened? What has caused the change?
10.. Weigh out a l i t t l e  iron f i l in g s  and dissolve in sulphur­
ic  acid and evaporate to dryness. Weigh the product.
What has happened in th is case? When an element cannot 
be separated into two or more d iffe ren t kinds o f sub­
stances and i f ,  when i t  reacts with others, the product 
always weighs more than the o rig in a l substance, i t  is  
ca lled  an element.
Mixtures and Compounds.
11. Try the e f fe c t  o f the magnet on iron f i l in g s -  on same 
quantity o f ro lled  sulphur. How are they affected? Mix 
the f i l in g s  and sulphur intim ately. Try the e f fe c t  o f 
magnet on the mixture. Explain the resu lt. Is  i t  a 
physical or chemical change?
12. Mix equal quantities o f  iron f i l in g s  and sulphur and 
place in a test-tube heating u n til the mass begins to 
glow. Observe. Try the e f fe c t  o f magnet on mass. Is
the e f fe c t  the same as in 11? Explain. Gan you separate 
the iron f i l in g s  and sulphur? Is  i t  a physical or chemi­
cal change?
When siabstances are mixed and, only undergo a physical 
change mixtures are formed. I f  they undergo a chemical 
change compounds are formed.
15. Grind in a mortar a small piece o f potassium iodide and 
same amount o f  corrosive sublimate. Note appearance o f 
each. Any changes? Add a l i t t l e  water and s t ir .
E ffects? What kind o f a change? Why? Is  i t  a mixture 
or a compound?
Conservation o f Mass.
14. Heat a l i t t l e  potassium chlorate in a tube and insert a 
ligh ted  match. Do you recognize the phenomena? In  a 
weighed tube place an accurately weighed quantity o f 
potassium chlorate (2 grams) and f i t  with a one hole
under an inverted cylinder f i l l e d  with water in a vessel 
o f  water. Heat the tube containing the potassium chlor­
ate . What takes place? Continue heating u n til there is
cork containing a doubly bent
no more action. Cool the tube containing residue o f the 
potassium chlorate and weigh. Note carefu lly  the volume
o f gas in the cylinder a fte r  adjusting le ve ls  and read 
thermometer and barometer. From the corrected volume the 
weight o f the gas may be calculated, 1 c .c . under standard 
conditions weighing .001429 grams, (a t ordinary tempera­
ture and conditions o f laboratory .00134 grams). Compare 
weight o f potassium chlorate taken with the sum o f the 
weights o f the residue and the gas given o f f .  Has there 
been gain or loss?
The gas given o f f  is oxygen.
15. Usual lecture experiment o f  combustion o f  candle with 
caustic soda above on a counterpoised balance.
.Conservation o f Energy.
Try e f fe c t  o f acids on metals.
16. Prepare hydrogen in usual manner and when a l l  a ir  is  out 
o f apparatur put a platinum tip  on the end o f  the delivery  
tube and lig h t the hydrogen. Place a beaker over the 
flame. What gathers on the sides o f the beaker? Taste. 
Introduce the ligh ted  je t  into a jar o f  oxygon. What 
takes place? What is  formed? Of what has i t  been formed? 
What conclusion do you draw about the atmosphere? Hold a 
match in the flame; a platinum w ire, what characterizes 
tne flame? What attends the formation o f the compound?
What should you think would attend the decomposition?
17. Decomposition o f water by e le c tr ic  current. As a high 
enough temperature to deconrpose water is  not jjra c tica lly  
possib le, we have to resort to the e le c tr ic  current.
I f  the amount o f e le c tr ic a l energy necessary to decompose 
a given quantity o f  water is  transformed into heat energy, 
i t  is  found to be exactly equal to the amount o f  heat ener­
gy which was given out at its  formation.
Combining Weights.
18. Repeat experiment9,-using about .5 grams o f magnesium pow­
der instead o f iron f i l in g s .  Calculate the quantity o f 
magnesium which has united with 8 parts by weight o f 
oxygen.
19. In a weighed crucible, weigh o f f  about 1.5 grams o f tin  
and heat gently adding concentrated n it r ic  acid drop by 
drop so long as action takes place. Then heat to redness 
u n til weight is  constant. Calculate the quantity o f  tin  
which has united to 8 parts o f  oxygen.
Neutralization and D efin ite Pronortions.
20. Try e ffe c ts  o f  acids on litmus. Of a lk a lies .
To 5, 10 and 15 c.c . o f  caustic soda solution o f known 
strength add hydrochloric acid solution carefu lly  to each 
successively u n til 'th e  neutral point is  reached, the v o l­
ume o f  acid required in each case being care fu lly  recorded. 
Evaporate neutral solutions to dryness and weigh.
Add excess o f  acid to 5 c.c. and to 10 c.c. o f  caustic 
soda solution. Evaporate and weigh. Compare a l l  pro-
t
ducts, what e f fe c t  has excess o f acid?
To 5, 10 and 15 c.c. o f caustic potash add hydrochloric 
acid solution u n til neutral point is  reached. Repeat, 
using n it r ic  acid. Tabulate resu lts. Are there any appar­
ent rela tions between amounts o f  solution necessary to 
neutralize each other?
A ll  experiments illu s tra t in g  multiple proportions 
are hardly simple enough fo r  elementary work.
Experiments illu s tra t in g  Boyle's and Charles' laws, 
the molecular theory o f  gases and determination o f atomic
weights, are admirable in White 1s Elementary Chemistry,----
pages 126 (B oyle 's  law ), 143 (Charles' law ), 185 (Regular 
expansion o f gases, molecular theory o f  gases), 196 (Deter­
mination o f  atomic weights).
Experiments illu s tra tin g  the s im ila r ity  o f the 
properties o f the members o f  fam ilies are espec ia lly  good in
Remsen.
